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PRELIMINARY AMENDMENT 

Hon. Commissioner for Patents 

United States Patent and Trademark Office 

Box PCT 

Washington, D. C. 20231 
Dear Sir: 

Prior to an examination on the merits of the above- 
identified patent application, please amend the English 
translation of the above- ident i f i ed application as follows: 
IN THE ABSTRACT OF THE DISCLOSURE 

Please use the accompanying Abstract of the Disclosure, 
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which is contained on a separate sheet of paper, as required 
by 37 C.F.R. §1. 72(b), as the Abstract for the instant patent 
app 1 i cat ion ♦ 

IN THE SPECIFICATION 

Please amend the Specification, which is the literal 
English translation of the P.C.T. application filed on August 
16, 2000: 

Page 1, between lines 3-4 (immediately beneath the Title 
of the Invention), insert the following headings: 



-- BACKGROUND OF THE INVENTION — ; and, 



— Technical Field of the Invention — . 



Page 



between lines 12-13, insert the following 



head i ng : 



-- Description of the Prior Art -- 



Page 



3, between lines 22-23, insert the following 



heading : 



— SUMMARY OF THE INVENTION — . 



Page 



10, line 18, insert the following: 



- BRIEF DESCRIPTION OF THE DRAWING FIGURE — 



Page 



10, between lines 3-4, insert the following 



head ing : 



— DETAILED DESCRIPTION OF THE DRAWING FIGURE 



AND PREFERRED EMBODIMENTS 



-2- 



IN THE CLAIMS 

Please cancel Claims 1-9 (as presented in the literal 
English translation of P.C.T. Application No. PCT/DE00/02797 ) 
and substitute the following claims therefor: 

--10. An electron-optical lens arrangement with an axis 
capable of being substantially displaced, comprising: 
a cylinder lens; 

electrodes or pole shoes for generating a quadrupole 
field, said quadrupole field having a plane of symmetry 
extending in a mid-plane of a gap pertaining to said cylinder 
lens, said electrodes or said pole shoes being provided in a 
direction of said gap pertaining to said cylinder lens and 
being individually excitable; 

a focussing plane of said quadrupole field being aligned 
in the direction of said gap, with a magnitude of focussing 
refractive power of said cylinder lens being twice as high as 
that of said quadrupole field; 

a deflection system for charged particles being connect- 
ed downstream in the plane of said gap pertaining to said 
cylinder lens, said quadrupole field being displaceable 
according to deflection of a particle beam, so that the par- 
ticle beam impinges in an area of said quadrupole field; and, 

means for holding an object, said means for holding be- 
ing displaceable perpendicularly relative to an optical axis 
of, and relative to the direction of said gap pertaining to, 
said cylinder lens. 
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11. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
10, wherein said electrodes or pole shoes are both 
individually and successively excitable. 

12. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
10, wherein said cylinder lens is electrical. 

13. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
10, wherein said quadrupole field is electrical. 

14. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
10, wherein said cylinder lens includes a center electrode, 
which is subdivided in the direction of the gap into 
individual regions which are electrically insulated from one 
another and individually actuatable. 

15. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
14, wherein said center electrode of said cylinder lens is 
comb-shaped . 

16. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
10, wherein electrical fields or magnetic fields extend sym- 
metrically relative to a center plane of said cylinder lens. 

-4- 
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17. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
10, wherein a plurality of said electron-optical lens 
arrangements are positioned adjacent to one another and 
contiguous to one another in the direction of the gap 
pertaining to the cylinder lens. 

18. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
10, wherein a plurality of said electron-optical lens 
arrangements are positioned vertically one above another 
relative to the direction of the gap. 

19. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
10, wherein said deflection system comprises a first element 
and a second element with said first element arranged beyond 
said second element in the direction of the particle beam, 
said first element and said second element deflect, in 
opposite directions for producing a paraxial beam deflection. 

20. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
10, wherein said deflection system comprises a first magnetic 
field, being a static magnetic field, and a second magnetic 
field, and is connected upstream in a direction of ray 
impingement and is variable with respect to time. 
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21. The electron-optical lens arrangement with an axis 
capable of being substantially displaced according to Claim 
20, wherein said static magnetic field has a pole shoe, with 
the form of said pole shoe being chosen so that, independent 
of deflection, an emerging particle stream travels parallel 
to an incident particle stream.— 

REMARKS 

Prior to an examination on the merits of the above- 
identified patent application, please enter the foregoing 
amendment s . 

Claims 10-21 are now pending in the above- i dent i f i ed 
patent application, as presented by the instant Preliminary 
Amendment. Claim 10 is the single claim presented in inde- 
pendent form. 

The present application represents the U.S. National 
Phase of P.C.T. Application No. PCT/DEOO/027 97 , filed August 
16, 2000, and claiming foreign priority on the basis of a 
corresponding Federal Republic of Germany patent application, 
filed September 18, 1999. 

The claims being entered via the present Preliminary 
Amendment are intended to substitute for Claims 1-9 of the 
P.C.T. international application. An English translation of 
the P.C.T. international application is being concurrently 
f i led. 
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New Claims 10-21, which have been drafted in conformance 
with U.S. claim practice. Various formal amendments have 
also been entered to the Specification, and an Abstract for 
the application, on a separate sheet of paper, is enclosed. 

The application is now in condition for a full examina- 
tion on the merits. 

Accordingly, an early examination on the merits and 
allowance are, therefore, respectfully requested and 
earnestly solicited. 



Five Hirsch Avenue 
P. O. Box 966 

Coram, New York 11727-0966 
(631 )474-5373 
December 15, 2001 



Respectfully submitted, 



HARALD ROSE ET AL . 




Edwin D. Schindler 
Attorney for Applicants 
Reg. No. 31,459 
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ABSTRACT OF THE DISCLOSURE 



An electron-optical lens arrangement with an axis that 
can be substantially displaced, and useful for electron 
lithography, includes a cylinder lens and a quadrupole field. 
The plane of symmetry of the quadrupole field extends in the 
mid-plane of the gap pertaining to the cylinder lens. The 
focussing level of the quadrupole is oriented in the direc- 
tion of the gap. The amount of the focussing refractive power 
belonging to the cylinder lens is twice as high as the amount 
of the quadrupole. A deflection system for the charged parti- 
cles is connected upstream in the level of the gap pertaining 
to the cylinder lens and several electrodes or pole shoes, 
which generate a quadrupole field are provided in the direc- 
tion of the gap pertaining to the cylinder lens. The 
electrodes or pole shoes can be individually and, preferably, 
successively excited and the quadrupole field can be dis- 
placed according to the deflection of the particle beam, so 
that the particle beam impinges upon the area of the quadru- 
pole field. A holding device is provided for an object, such 
as a wafer, and is arranged vertically in relation to the 
optical axis and can be displaced in relation to the direc- 
tion of the gap pertaining to the cylinder lens. 
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Electron-Optical Lens Arrangement with an Axis that 



The invention relates to an electron-optical lens 
arrangement with an axis that can be largely 
displaced, especially for elect ron lithography, with 
a cylinder lens and a quadrupole field, the plane of 
symmetry of said quadrupole field extending in the 
mid-plane of the gap pertaining to the cylinder lens, 
the focussing plane of the quadrupole being aligned 
in the direction of the gap, and the magnitude of the 
focussing refractive power belonging to the cylinder 
lens being twice as high as that of the quadrupole. 

One of the main fields of application of electron 
beam lithography is the production of electronic 
components and integrated circuits on the surface of 
disc-shaped semiconductor crystals (wafers) . Their 
desired miniaturisation requires the writing of 
structures of the smallest possible size. The 
decisive advantage over optical lithography consists 
in the fact that the wavelengths of the electrons are 
much smaller that those of light, and therefore allow 
the reproduction of smaller structures. Furthermore, 
electron-beam writers have the capability of 
v ^recording very small structures, but compared with 
light-optical projects have the disadvantage of a 
longer exposure time and of the requirements for 
production of a good vacuum and for a table that can 
be rapidly and precisely moved in the image plane; 
this demand results from the fact that known 
electron-optical deflection elements are only capable 
of error-free deflection of the beam within the 



Can be Largely Displaced 
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millimetre range. For this reason, electron-beam 
lithography has until now been used primarily for, the 
production of masks for optical lithography and for 
the production of custom chips, in which the required 
time is of secondary importance. 

Goto and Somo, published in the journal ^Optik" 48, 
255-270 MOL (moving object lense) , 1977, proposed 
overlaying the circular lens field with deflection 
fields, by means of which the image field can be 
enlarged, which is not sufficient to obtain an image 
field of the extent of a wafer, so that the bore 
diameter of the circular lens still decisively limits 
the useable image field. In addition, a workpiece 
holding device that is movable two-dimensionally in a 
plane perpendicular to the electron beam is required, 
with the efficiency of the system and the minimum 
size of the structures that can be generated 
depending on the accuracy of movement of this holding 
device; and the speed of movement of the holding 
device determining the maximum writing speed. 

For focussing of charged particles, cylinder lenses 
have been disclosed (H. Rose, Optik 36, 1971, pages 
19 to 36) , in which the electrodes or pole shoe have 
A a gap-shaped opening which serves to generate the 
electrical or magnetic field respectively, and whose 
longitudinal axis is aligned perpendicular to the 
optical axis, this longitudinal axis, together with 
the optical axis, spanning a plane which describes 
the mid-plane of the cylinder lens arrangement. A 
stigmatic imaging by means of the cylinder lenses is 
in principal impossible, since a focussing effect 
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only takes place perpendicular to the gap direction, 
the movement components of the charged particles to 
be represented, by contrast, undergoing no deflection 
parallel to the gap (or vice versa) . The rod-shaped 
5 astigmatic point images obtained are unsuitable for 
imaging. PCT/DE 97/05518 discloses an electron- 
optical lens arrangement, in which the cylinder lens 
overlays a quadrupole field and is assigned in such a 
way that the focussing plane of the quadrupole is 

10 aligned in the direction of the gap pertaining to the 
cylinder lens and consequently the defocussing plane 
extends perpendicular to this, with coaxial optical 
axes. As a result, the focussing takes place in one 
of the gap planes by means of the quadrupole field 

15 and in the plane extending perpendicular thereto by 
means of the cylinder lens, whose intensity is to be 
adjusted such that an elimination of the defocussing 
component of the quadrupole field occurs. If the 
focussing effect in the two planes extending 

20 perpendicular to one another is adjusted in an 

identical manner, the combination of the two lenses 
results in stigmatic images. 

On this basis, the object of the invention is to 
provide an electron-optical lens arrangement which 
25 has a very wide operating range in one direction and 
the beam can also be made to impinge essentially 
always perpendicularly on the object even in regions 
distant from the centre. 

This object is solved according to the invention in 
30 that a deflection system for the charged particles is 
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connected upstream in the plane of the gap pertaining 
to the cylinder lens, and 

a plurality of electrodes or pole shoes are 

provided in the direction of the gap pertaining to 
5 the cylinder lens, which generate a quadrupole 

field and can be individually and preferably 

successively excited, and 

- the quadrupole field is displaced corresponding to 
the deflection of the particle beam such that the 

10 particle beam impinges in the area of' the 

quadrupole field, and 

- a holding device for the object is provided, which 
can be displaced perpendicularly to the optical 
axis and to the direction of the gap pertaining to 

15 the cylinder lens. 

The gist of the invention consists in connecting a 
deflection system upstream of the electron-optical 
lens arrangement, the deflection system consisting of 
a cylinder lens and quadrupole field and displacing 

20 the particle beam, which generally consists of 
electrons, essentially paraxially and in the 
direction of the gap pertaining to the cylinder lens, 
and the quadrupole field being generated in the 
^impingement point of the particle beam within the 

25 lens arrangement- The spatial displacement of the 

quadrupole field is carried out by electronic means, 
i.e. the quadrupole field is excited in the region of 
the impingement point of the particle beam by 
actuation of the electrodes (in the case of 

30 electrical lenses) or pole shoes (in the case of 
magnetic lenses) that are located there. For the 
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specific constructional implementation, basically two 
principles are conceivable: on the <?ne hand the 
quadrupole field can be displaced discontinuously in 
the direction of the gap pertaining to the cylinder 
5 lens, so that with continuous displacement of the 
particle beam, the latter generally passes through 
the lens arrangement, for example outside the axis of 
the quadrupole field. These slight deviations from 
the axis of the quadrupole field are the cause of the 

10 occurrence of electron-optical image errors, which, 
however, because of the low deviations, are so small 
that they cannot significantly affect the quality of 
the optical representation. In addition, arrangements 
are also conceivable in which, synchronously with the 

15 deflection of the particle beam and therefore 

continuously, the quadrupole field is displaced in 
the direction of the gap pertaining to the cylinder 
lens. By a corresponding adjustment, it can be 
achieved that the particle beam extends exactly in 

20 the axis of the quadrupole field, so that the 

occurrence of image fields by virtue of the extra- 
axial passage of the particle beam generated by the 
quadrupole field is suppressed. By virtue of the fact 
that the generation of the quadrupole field is 

25 ^provided by the constructional arrangement of the 
electrodes or pole shoes, which require their own 
space and consequently are of finite extension in the 
direction of the gap pertaining to the cylinder lens, 
it is theoretically desirable to displace the 

30 quadrupole field in inf initesimally small steps, but 
in practice this can only be approximated. The 
particle beam in the proposed arrangement will also 
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impinge on the object essentially perpendicularly and 
with unchanged optical image quality, even in regions 
distant from the object centre. It is thus possible, 
without quality loss, to displace the particle beam 
over a range delimited by the width of the gap 
pertaining to the cylinder lens. The result is that 
an exact optical reproduction along a straight line 
extending in the direction of the gap pertaining to 
the cylinder lens can be carried out. The restriction 
of the image field caused by the bore of the circular 
lenses is eliminated. 

Compared with the former electron-lithography 
arrangements for writing on the object, in which two- 
dimensional displacement perpendicular to the 
electron beam by mechanical means was indispensable, 
which inevitably resulted in a considerable 
restriction of the effectiveness, the object can now 
be displaced also in a direction perpendicular to the 
gap pertaining to the cylinder lens, but still in a 
plane perpendicular to the optical axis and 
consequently still only one-dimensionally . A one- 
dimensional displacement also at low speed allows 
much more precise operation. 

' A Use is essentially in a manner known per se, in that 
the object, which in the case of electron 
lithography, will often be a semiconductor wafer, is 
fixed so as to be mechanically displaceable one 
dimensionally, perpendicular to the optical axis and 
also to the gap pertaining to the cylinder lens. 
Perpendicular to this, the writing by the particle 
beam is carried out by means of the aforementioned 
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electron-optical lens arrangement in a very long 
linear range, which extends in the direction of the 
gap pertaining to the cylinder lens, and along which 
a good stigmatic representation of all points is 
5 possible. With the above-described arrangement, with 
a resolution of 0.025 micrometres and an axial 
spacing of 5 mm, a distort ion- free image can be 
produced. As a result, a significant enlargement of 
the linearly reproduced region of high optical 
10 quality, which extends in the direction of the gap 
pertaining to the cylinder lens is obtained. 
Perpendicular to this, i.e. in the displacement 
direction of the object, the image quality will be 
further determined by the displacement accuracy of 
si 15 the mechanical system, though it should be pointed 

out that the one-dimensionality and slower 
displacement permits substantially more precise 
operation of the mechanical system. 

Within the scope of the invention, it is in principle 
20 immaterial whether the quadrupole field and/or 

cylindrical field is generated electronically or 
magnetically. It has been recognised as expedient to 
choose the cylindrical field and/or in particular the 

v quadrupole field to be displaced electrically, 

_ 

25 because then, with the avoidance of remanences and 

eddy currents, rapid field displacement is possible. 

For the specific embodiment of the electrical 
quadrupole field, which is displaceable in the 
direction of the gap pertaining to the cylinder lens, 
30 the centre electrode of the cylinder lens is 

subdivided in the direction of the gap into mutually 
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electrically isolated individual electrodes, which 
are individually actuatable . For displacement and for, 
generation of the desired electrical field, the 
individual electrodes are successively subjected to 
5 the appropriate voltage. The successive actuation of 
adjacent electrodes provides the desired 
displacement . 

For the reduction of many of the second-order image 
errors caused by the curved optical axis, it is 
10 preferred to choose the fields and the resulting 

fundamental paths so as to be symmetrical to the mid 
axis of the lens. 

Hitherto described was an arrangement in which a 
single source (electron source) generates the 

15 particle beam for writing on the object and deflects 
it in the above-described manner. A significant 
enlargement of the image field in the direction of 
the straight line providing error-free imaging and 
extending in the direction of the gap pertaining to 

20 the cylinder lens can be achieved in that a plurality 
of the above-described arrangements are arranged 
parallel. to one another and adjacent to one another 
in the direction of the gap pertaining to the 
* -"cylinder lens, in the manner that the image range of 

25 adjacent arrangements overlap or are at least 

contiguous to one another. In the case of n similar 
arrangements, an n-fold image width can be obtained. 
Because of the possibility of synchronous operation 
of each individual arrangement, there remains the 

30 writing duration required by an individual 
arrangement . 
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Another possibility for reducing the writing duration 
can be achieved by the fact that a multiplicity of 
the above-described arrangements are arranged 
perpendicular to the direction of the gap, and 
5 thereby one above the other. By this means it is 

achieved that the object is written on simultaneously 
in a multiplicity of regions lying one behind the 
other in the direction of movement of the object, so 
that one particle beam only has to cover a single 
10 partial range. The displacement of the object must 
only take place such that the beam only covers the 
range assigned to it. 

The deflection systems acting in the gap plane of the 
cylinder lens and connected upstream thereof should 

15 ensure, as far as possible, perpendicular impingement 
on the object, that is to say the particle beam 
should be displaced in a paraxial manner. For this 
reason, it is advisable to construct the deflection 
system from two elements, which are arranged one 

20 behind the other in the direction of the particle 

beam and deflect in two opposing directions, that is 
to say the beam is deflected away from the optical 
axis in the first element and in the second element 
oriented in a paraxial direction. In this case, the 

25 spatial arrangement of the elements with respect to 
one another and with respect to the cylinder lens is 
in principle immaterial. A simple constructional 
implementation could consist in arranging the second 
element in the entrance region of the cylinder lens 

30 by mounting a dipole. It is important with different 
deflections to ensure the paraxiality of the beam. In 
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the most general case, the question of the 
implementation of the deflection, be it by electrical 
or magnetic fields, is in principle immaterial. 

As regards the deflection system connected upstream 
5 of the lens arrangement, a preferred embodiment is 

one in which, in addition to a static magnetic field, 
a second magnetic field, varied with respect to time, 
and connected upstream of the beam path, is provided. 
By virtue of different application of the latter 
10 magnetic field, the particle beam is displaced so as 
to be paraxial in the direction of the gap pertaining 
to the cylinder lens. 

It is advantageous to choose the form of the pole 
shoe of the magnetic field such that, irrespective of 
15 the deflection of the emerging particle stream by the 
upstream-connected magnetic field, paraxiality to the 
impinging particle stream is always produced. 



Further details, advantages and features of the 
20 invention can be taken from the following descriptive 
part, which describes a typical embodiment of the 
invention in greater detail with reference to the 
^drawings, wherein 



25 



Figure 1 shows a schematic view of the block circuit 
diagram of the lens arrangement according 
to the invention 
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Figure 2 shows n arrangements adjacent to one 

another in the direction of the gap of 
cylinder lens. 

The lens arrangement shown in Figure 1 can be 
subdivided into three regions according to its basic 
construction : 

The particle stream proceeds from elements which 
generate the charged particles, e.g. the electrons - 
this takes place in element 1 ~ and then focuses them 
to produce a beam (element 2) . Herein/ the optical 
axis (3) showing a curved path is shown by a dot-dash 
line . 

The region of particle generation is followed by the 
deflection, which, in the direction of the beam path, 
comprises a first magnetic field (4) and a second 
magnetic field (5) contiguous to the first, a 
different deflection being generated by variation of 
the magnetic field intensity and an essentially 
paraxial alignment of the particle beam being 
produced by the other, static magnetic field (5) . As 
a result, by virtue of the deflection system (4, 5), 
an adjustable paraxial offset, which is adjustable in 
its distance from the mid-axis, is produced. The 
actual imaging takes place in the last region, which 
is constructed of a cylinder lens (6) with a centre 
electrode (7) designed as a comb-shaped lens. By 
successive application of a voltage of appropriate 
magnitude to the individual electrodes, a quadrupole 
field can be generated at different points. The 
actuation must take place in such a way that a 
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quadrupole field is excited in the incident point of 
the particle beam with such an intensity that 
focussing of the plane extending in the direction of 
the gap to the image point occurs, and in the plane 
5 extending perpendicular to this focussing on the same 
image. point also takes place by virtue of the 
overlaying of the field of cylinder lens and 
quadrupole and appropriate adjustment of the ? 
cylindrical field, so that stigmatic imaging takes 

10 place. By successive deflection of the particle 
stream and corresponding displacement of the 
quadrupole field/ stigmatic imaging is possible in a 
straight line extending over the entire width of the 
gap. To obtain planar writing on the object (9) 

15 designated "wafer", this must be displaced in a plane 
extending perpendicular to the optical axis, 
specifically perpendicular to the direction of the 
gap. In comparison to the state of the art, one- 
dimensional and relatively slow displacement of the 

20 object is now necessary. 

Figure 2 shows a lens arrangement with three devices 
of the above described type arranged parallel to one 
another. Three bundles (3a, 3b, 3c) are drawn, which 
are displaced in the direction of the gap pertaining 

25 to the cylinder lens by a deflector system (4, 5), 
which is characterised as a capacitor. Herein, the 
fields are contiguous. The cylinder lens (6) consists 
of a comb-shaped centre electrode (7) which are 
charged successively and individually to generate 

30 quadrupole fields. In contrast to the arrangement 
described in Figure 1, the particle stream is 
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inclined slightly with respect to the optical axis 
through the cylinder lens arrangement. In a known 
manner, the particle stream then impinges on the 
object (9) designated "wafer". As a result, a 
5 writable image field is produced, which with n 
arrangements results in an image field which 
corresponds to n times the scanning region of a 
single lens arrangement. The result is a further 
enlargement of the image field in the direction of 
10 the gap pertaining to the cylinder lens. 
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PATENT CLAIMS 

1. Electron-optical lens arrangement with an axis 
that can be largely displaced, especially for 
5 electron lithography, with a cylinder lens and a 

quadrupole field, the plane of symmetry of said 
quadrupole field extending in the mid-plane of the 
gap pertaining to the cylinder lens, the focussing 
plane of the quadrupole being aligned in the 
10 direction of the gap, and the magnitude of the 

focussing refractive power belonging to the 
cylinder lens being twice as high as that of the 
quadrupole, characterised in that 

- a deflection system (4, 5) for the charged 

15 particles being connected downstream in the plane 

of the gap pertaining to the cylinder lens, and 

- said electrodes or pole shoes, which generate a 
quadrupole field, being provided in the direction 
of the gap pertaining to the cylinder lens, and 

20 being individually and preferably successively 

excitable, and 

- the quadrupole field can be displaced according 
to the deflection of the particle beam such that 
the particle beam impinges in the area of the 

25 * quadrupole field, and 

- a holding device is provided for the object, 
which device can be displaced perpendicularly in 
relation to the optical axis and in relation to 
the direction of the gap pertaining to the 

30 cylinder lens (6) . 
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2. Lens arrangement according to claim 1, 
characterised in that the cylinder (6) and/or 
quadrupole field are electrical. 

3. Lens arrangement according to claim 1 or 2, 
characterised in that the centre electrode (7) of 
the cylinder lens (6) is subdivided in the 
direction of the gap into individual regions which 
are electrically insulated from one another and 
individually actuatable (comb-shaped lens) . 

4. Lens arrangement according to one of the preceding 
claims, characterised in that the fields extend 
symmetrically with respect to the centre plane of 
the lens. 

5. Lens arrangement according to one of the preceding 
claims, characterised by a multiplicity 
arrangements adjacent to one another and 
contiguous to one another in the direction of the 
gap pertaining to the cylinder lens (6) 

6. Lens arrangement according to one of the preceding 
claims, characterised by a multiplicity 
arrangements vertically one above the other with 
respect to the direction of the gap. 

7. Lens arrangement according to one of the preceding 
claims, characterised in that the deflection 
system consists of two elements, which are 
arranged one behind the other in the direction of 
the particle beam and deflect in opposite 
directions and by means of which a paraxial beam 
deflection is achieved. 
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8. Lens arrangement according to one of the preceding 
claims, characterised in that the deflection 
system (4,5) is constructed of a static magnetic 
(5) field and a second magnetic field (4) which 

5 connected upstream in the direction of the ray 

impingement and is variable with respect to time. 

9. Lens arrangement according to claim 8, 
characterised in that the form of the pole shoe of 
the static magnetic field (5) is chosen such that, 

10 independent of the deflection, the emerging 

particle stream travels parallel to the incident 
particle stream. 
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(54) Bezeichnung: ELEKTRONENOPTISCHE LINSENANORDNUNG MIT WETT VERS CHIRR BAR ACHSE 
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(57) Abstract: The invention relates to an electron-optical lens arrangement with an axis that can be largely displaced, especially 
for electron lithography. The inventive arrangement comprises a cylinder lens and a quadrupole field. The plane of symmetry of 
said quadrupole field extends in the mid-plane of the gap pertaining to the cylinder lens. The focussing level of the quadrupole is 
oriented in the direction of the gap. The amount of the focussing refractive power belonging to the cylinder lens is twice as high as the 
amount of the quadrupole. A deflection system for the charged particles is connected upstream in the level of the gap pertaining to the 
cylinder lens and several electrodes or pole shoes which generate a quadrupole field are provided in the direction of the gap pertaining 
to the cylinder lens. Said electrodes or pole shoes can be individually and preferably successively excited and the quadrupole field 
can be displaced according to the deflection of the particle beam in such a way that the particle beam impinges upon the area of the 
quadrupole field. A holding device is provided for the object. Said device is arranged vertical in relation to the optical axis and can 
be displaced in relation to the direction of the gap pertaining to the cylinder lens. 

(57) Zusammenfassung: Die Erfindung betrifft eine elektronenoptische Linsenanordnung mit weit verschiebbarer Achse, insbeson- 
dere fur die Elektronenlithographie, mit einer Zylinderlinse und einem Quadrupolfeld, dessen Symmetrieebene in der Mittelebene 
des Spaltes der Zylinderlinse verlauft, wobei die fokussierende Ebene des Quadrupols in Rich rung des Spaltes ausgerichtet ist und 
die fokussierende Brechkraft der Zylinderlinse betragsmafiig doppelt so groB wie die des Quadrupols ist, wobei ein Ablenksystem 
fur die geladenen Teilchen in der Ebene des Spaltes der Zylinderlinse vorgeschaltet ist und in Rich rung des Spaltes der Zylinderlinse 
mehrere, ein Quadrupolfeld erzeugende Elektroden bzw. Polschuhe vorhanden sind, die individuell und vorzugsweise sukzessive 
erregbar sind und das Quadrupolfeld 
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Declaration and Power of Attorney For Patent Application 
Erklarung Fur Patentanmeldungen Mit Vollmaj^hf 

German Language Declaration 



Als nachstehend benannter ErJinder erklare ich hiermit an 
Eidcs Statt: 



As a below named inventor, I hereby declare lhate— ^ 



dass mein Wohnsitz. meino Postanschrift, und meine Staats- 
angehfirigkeit den im Nachstehenden nach meinem Namen 
aufgefuhrten Angaben entsprechen. 



My residence, post office address and citizenship are as stated 
below next to my name. 



dass ich, nach bestem Wissen dor ursprunglicho, ersto und 
alleinige Ertinder (falls nachstehend nur ein Name angege- 
ben ist) oder ein ursprGnglicher, erster und Mitorfindor (falls 
nachstehend mehrero Namen aufgefuhrt sind) dos Gegen- 
standes bin, fur den diesor Antrag gestellt wird und fur den 
ein Patent beanlragt wird fur die Erfindung mit dem Tilel: 

Elektronenoptische Linsenanordriung 
mit weit ver schiebbarer Achse 



deren Beschreibung 

(zutreffendes ankreuzen) 

□ hier beigefugt ist. 

16.08. 2000 



K) am. 



. unler der 



Anmeldungsseriennummer PCT/DE 00/02797 
eingereicht wurde und am 



abgeandert wurde (falls tatsachlich abgeandert). 

tch bestatige hiermit. dass ich den Inhaft der obigen Paten- 
tanmeldung einschliesstich der Anspruche durchgesehen und 
verstanden habo, die eventuell durch einen Zusatzantrag wie 
oben crwahnt abgeandert wurde. 



I believe I am the original, first and sole Inventor (if only one 
name is listed below) or an original, first and Joint Inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the Invention entitled 



Electron-Optical lens arrangement 



w 



ith an axis that can be 



largely displaced 



the specification of which 
(check one) 
' C] is attached hereto. 
03 was filed on August 16 r 2000 

Application Serial No : 



as 



and was amended on . 



(if applicable) 

I hereby state that I have reviewed and understand the con- 
tents of the above identified specification, including the daims, 
as amended by any amendment referred to above. 



Ich erkenno meino Pflicht zur Offenbarung irgendwelcher In- 
formationen, die fur die Prufung dor vorliegcnden Anmeldung 
in Einklang mit Absatz 37, Bundesgesetzbuch. Paragraph 
1 .56(a) von Wichtigkeit sind. an. 



I acknowledge the duty to disclose information which is ma- 
terial to the examination of this application in accordance with 
Title 37. Code of Federal Regulations. §1. 56(a). 



Ich beanspnjcho hiermit auslandische Prioritatsvorteile ge- 
m3ss Abschnitt 35 dor Zivilprozessordnung dor Voroinigten 
Staaten. Paragraph 119 altor union angegebonon Ausland- 
sanmeldungen fur ein Patent odor cine Erfindersurkunde, 
und habe auch alio Auslandsanmeldungen fur ein Patent oder 
eino Ertindersurkunde nachstehend gekennzeichnet. die ein 
Anmeldedatum haben, das vor dem Anmeldedatum der An- 
meldung liegt. fur die Prioritat beansprucht wird. 



I hereby claim foreign priority benefits under Title 35, United 
States Codo, §1 19 of any foreign application(s) for patent or 
inventor's certificate listed below and havo also Identified 
below any foreign application for patent or invontor's certifi- 
cate having a filing date before that of the application on 
which priority is claimed: 
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Prior foreign applications 
Prioritat beansprucht 



(Number) 
(Nummer) 


(Country) 
(Land) 


(Oay/Month/Year Filed) 
(Tag/MonaVJahr eingereicht) 


19944857.4 


Germany 


September 18, 1999 


(Number) 
(Nummer) 


(Country) 
(Land) 


(Day/Month/Year Filed) 
(Tag/Monat/Jahr eingereicht) 


(Number) 
(Nummer) 


(Country) 
(Land) 


(Day/Month/Year Filed) 
(Tag/Monat/Jahr eingereicht) 



Priority Claimed 



fes 
Ja 



Yes 
Ja 



Yes 
Ja 



vlO 

Nein 



t?o 
Nein 



Nein 



Ich beanspruche hiermit gemass Absatz 35 der Zivilprozess- 
ordnung der Vereinigten Staaten, Paragraph 1 20, den Vorzug 
alter unten aufgefuhrten Anmeldungen und falls der Gegen- 
stand aus jedem Anspruch dieser Anmeldung nicht in einer 
fruheren amerikanischen Patentanmeldung laut dem ersten 
Paragraphen des Absatzes 35 der Zivilprozessordnung der 
Vereinigten Staaten, Paragraph 112 offenbart ist, erkenne 
ich gemass Absatz 37, Bundesgesetzbuch, Paragraph 1.56(a) 
meine Pflicht zur Offenbarung von Informalionen an, die zwi- 
schen dem Anmeldedatum der fruheren Anmeldung und dem 
nationalen oder PCT inlemalionalen Anmeldedatum dieser 
Anmeldung bekannt geworden sind. 



I hereby claim the benefit under Title 35, United States Code, 
§120 of any Untied States application(s) listed below and, 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States appli- 
cation in the manner provided by the first paragraph of Title 
35. United States Code, §112, I acknowledge the duty to 
disclose material information as defined in Title 37, Code of 
Federal Regulations. § 1.56(a) which occurred between the 
tiling dale of the prior application and the national or PCT 
inter national filing date of this application: 



(Application Serial No.) 
(Anmetdeseriennummer) 



(Filing Dale) 
(Anmefdedalum) 



(Status) 
(pa I en lien*, anhangig, 
aufgegeben) 



(Status) 
(patented, pending, 
abandoned) 



(Application Serial No.) 
(Anmeldeseriennummer) 



(Filing Date) 
(Anmeldedatum) 



(Status) 
(patenlieri. anhangig, 
aufgegeben) 



(Status) 
(patented, pending, 
abandoned) 



Ich erklare hiermit, dass alle von mir in der vorliegenden 
Erklarung gemachten Angaben nach meinem besten Wissen 
und Gewissen der vollen Wahrheit entsprechen, und dass 
ich diese eidesstattliche Erklarung in Kenntnis dessen ab- 
gebe, dass wissentlich und vorsatzlich falsche Angaben ge- 
mass Paragraph 1001. Absatz 18 der Zivilprozessordnung 
der Vereinigten Staaten von Amerika mil Geldslrafe befegt 
und/oder Gefangnis bestraft werden koennen, und dass de- 
rartig wissentlich und vorsatzlich falsche Angaben die Gul : 
tigkeit der vorliegenden Patentanmeldung oder eines daraul 
orlellten Patentes gefahrden konnen. 



I hereby declare that all statements made herein of my own 
knowledge are true and Jhat all statements made on infor- 
mation and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful fatse statements 
may jeopardize the validity of the application or any patent 
issued thereon. 
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37 CFR 1.9(c) - INDEPENDENT INVENTOR 

I Prof. D. Harald ^<jqe- declare and say that: 

1) I am Mm oolc^Va joint inventor * b * named in the above- 
identified application for Letters Patent. 

2) I have not assigned, granted, conveyed, or licensed, 
and am under no obligation under contract or law to assign, 
grant, convey, or license, any rights in the invention to any 
person who could not likewise be classified as an independent 
inventor if that person had made the invention, or to any concern 
which would not qualify as a small business concern or a non-profit: 
organization .under 37 CFR 1.9. 

I hereby declare that all statements made on information 
;iand belief are believed to be true; and further that these 
^statements were made with the knowledge that wilful or false 
statements so made are punishable by fine or imprisonment or 
both under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity 
of the application or any patent issuing thereon. 
Further declarant sayeth not. 



K. 




IU2Y/QI 



(Prof. Df. Harald Rose) 



a) 



date 



Note: All joint inventors must sign separate declarations. 
Where an independent inventor has signed granted conveyed or 
licensed or is under an obligation to do so to a small entity 
that small entity also must file the appropriate declaration 

a) insert nameof signatory inventor 

b) delete inapplicable words 



IN TH^JNITED STATES P A T gWP jjj jjjj 1 jMMjj i! | Pk :ii F^-j-^- <glj^^-C^^^ 
Applicant: Peter Schmid ET AL. 

Name of Party in < In^r,es t :}/>^^ 

To & . 

Serial No: 10/018,904 ( E) Grou P Art Unit : 

I ^ p 

Filed: CONCURRENTLY HEREWITH \ ^ ^Examiner: 

For: ELECTRON-OPTICAL LENS ARRANGEMENT WITH AN AXIS THAT CAN BE 
LARGELY DISPLACED 

CLAIM FOR SMALL ENTITY STATUS 

- _ - ----- — •• - ' ' * 

37 CFR 1.9(c) - INDEPENDENT INVENTOR 

( a ) ' 
I Peter Schmid , declare and say that: 



1) I am fcho cole^ b ^/a joint inventor * b ' named in the above- 
identified application for Letters Patent. 

2) I have not assigned, granted, conveyed, or licensed, 
and am under no obligation under contract or law to assign, 
grant, convey, or license, any rights in the invention to any 
person who could not likewise, be classified as an independent 
inventor if that person had made the invention, or to any concern 
which would not qualify as a small business concern or a non-prof i 
organization .under 37 CFR 1.9» 

I hereby declare that all statements made on information 
and belief are believed to be true; and further that these 
statements we>re made with the knowledge that wilful or false 
statements so made are punishable by fine or imprisonment or 
both under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity 
of the application or any patent issuing thereon. 

Further declarant sayeth not. 



(Peter Schmid) a) 



date 



Note: All joint inventors must sign separate declarations. 
Where an independent inventor has signed granted conveyed or 
licensed or is under an obligation to do so to a small entity 
;that small entity also must file the appropriate declaration 

a) insert name of signatory inventor 

b) delete inapplicable words 



IN TJ 



UNITED STATES 



11^ i n 1 1 gai£;ii(SS Oi s. 



"Applicant: Dr. Roland Janzen et_al. 
Name of ( > Fart^aLn Interest:/^ «?\ 

Serial. No: 10/018,904 f° §Group Art Unit: 

Filed: Concurrently Herewith\ ffi Examiner; 

F O r • ELECTRON-OPTICAL LENS ARRANGEMENT WITH AN AXIS THAT CAN BE 
LARGELY DISPLACED 

CLAIM FOR SMALL ENTITY STATUS 
37 CFR 1.9(c) - INDEPENDENT INVENTOR * % 

I Dr. Roland Janz 4fl } y declare and say that: 

1) I am the soie'^'/a joint inventor ^ b ' named in the above- 
identified application for Letters Patent. 

2) I have not assigned, granted, conveyed, or licensed, 
and am under no obligation under contract or law to assign, 
grant, convey, or license, any rights in the invention to any 
person who could not likewise be classified as an independent 
inventor if that person had made, the invention, or to any concern 
which would not qualify as a small business concern- or a non-prof i|t 
organization under 37 CFR 1.9. 

I hereby declare that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that wilful or false 
statements so made are punishable by fine or imprisonment or 
both under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity 
of the application or any patent issuing thereon. 

Further declarant sayeth not. 



1. 72, ZQv± 

date ' 



(Dr. Roland Janz"^ a) 




-Note: All joint inventors must sign separate declarations. 

Where an independent inventor has signed granted conveyed or 

licensed or is under an obligation to do so to a small entity 
r »? 5n» a J entity also must file the appropriate declaration 

a; insert name. of signatory inventor 

b) delete inapplicable words 



